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Introduction
The number of plant-parasitic nematode species described to date exceeds 4,000. They have a substantial impact on human welfare and economy (Sasser & Freckman, 1987) either by attacking root systems, stems, buds or by acting as vectors of plant viruses. Among other plant-parasitic nematodes, members of family Longidoridae are responsible for causing a significant amount of direct and indirect damage in various crop plants (Perry & Moens, 2006) . Xiphinema is the most diverse genus of the family Longidoridae. An indisputably important member of this family is the cosmopolitan species Xiphinema index. Besides causing direct ........ damage to the roots, it is capable of transmitting the yellow mosaic (YM) and the vein balding (VB) strains of the grapevine fanleaf virus (GFLV) (Webster, 1972) , the most harmful viral disease of grapes worldwide. Protection against plant-parasitic nematodes is of primary importance in agriculture and horticulture. Despite the propensity of nematicides to be lethal to a broad range of soil organisms, and to induce the development of resistant strains among nematodes, the application of chemicals are the most widely used technique to control plant-parasitic nematodes (Dong & Zhang, 2006; Atreya, 2008; Brun et al., 2008) . Certain fungi possess features that make them potential biological control agent (BCA). The application of BCAs like Trichoderma spp. is a promising alternative to using chemical pesticides in plant protection (Copping & Menn, 2000) . Many strains of Trichoderma spp. are able to antagonize plant pathogens, using competition for the substrate, antibiosis, and/or parasitism as main antagonistic strategies (Howell, 2003) . Trichoderma species are also potential BCAs to control plant-parasitic nematodes (Windham et al., 1986; Parvatha et al., 1996; Seifullah & Thomas, 1996; Rao et al., 1998; Sharon et al., 2001; Spiegel et al., 2007; Sahebani & Hadavi, 2008; Sharma et al., 2009; Yang et al., 2010; Affokpon et al., 2011; Khan et al., 2011; Radwan et al., 2012) . However, antagonistic potential may vary among species and strains (Bell et al., 1982; Schubert et al., 2008 , Szabo et al., 2012 . This emphasizes the importance of thorough evaluation before actual fieldtests. To clarify the efficacy of selected fungal species and strains, in vitro assays were performed and evaluated to determine mortality of X. index triggered by Trichoderma. Even though in vitro assays do not fully represent natural conditions, they still provide information on the most important attributes of the interactions between the two participants. HELMINTHOLOGIA, 50, 2: 132 -137, 2013 In vitro investigations on the biological control of Xiphinema index with Trichoderma species (Flegg, 1967) as described by Brown and Boag (1988) , with slightly modified sieve characteristics: first we used a To create test dishes, 6 holes (12 mm in diameter) were symmetrically drilled into the MM agar plates and approximately 10 g sterilized soil was placed into the holes.
To inoculate the test dishes with fungi, agar plugs from the growing edge of each fungus were removed from plates on which the various fungi were maintained for three days and then plugs were placed in the middle of the experimental MM agar plates (Fig 1) . The fungi were allowed to grow until they reached the edge of the holes and then 30 individual X. index females were carefully placed into the soil to maintain their viability. Experiments were carried out in triplicates at 25 ºC in a dark chamber. Control experiments were performed under identical conditions, with the ex- ception that the Petri dishes contained no fungi. Throughout the experimental period, nematodes were extracted from the soil cores every day. The number of surviving nematodes was evaluated after an extraction time of 12 hours. Dunnett post hoc test was used to determine the effects of Trichoderma strains on the survival of X. index. The relative X. index killing efficiencies of fungal strains compared to the control group were assessed by estimated parameters of generalized linear model model (GLM). Hence, the strain causing the smallest mortality difference was regarded as the least efficient, and the one causing the largest difference was considered the most efficient. All analyses were conducted in R (R Development Core Team, 2011).
Results
Every Trichoderma strain had significant effect (p<1e-10) on X. index survival compared to axenic controls. By the end of the experimental period all X. index specimens were killed by 9 out of 16 Fig. 2A ; Table 2 ). Two strains of T. virens (SZMC 1616 and 1671) proved to be the most effective among all examined Trichoderma strains (Table 2) . They triggered 100 % mortality (Fig. 2B) , by the mid-term of the time-course experiment (at day 5). Furthermore, T. atroviride strains (SZMC 1609, 1663 and 1624) were also highly effective (Table 2 ) and had fast mortal effect, killing approximately half of the X. index population 24 hours after inoculation (Fig 2C) . On day 2, SZMC 1624 appeared to be the most lethal. However later on, its nematode killing ability fluctuated and remained somewhat less drastic than that of SZMC 1663 and 1609, respectively. SZMC 1624 failed to cause complete mortality of the test organisms by the end of the experimental period. In contrary, no living nematodes could be found in the SZMC 1609 treatment from the third day on. The species T. rossicum SZMC 1703 and T. asperellum (Trifender) also eliminated approximately 50 % of the X. index specimens as early as the first day (Fig. 2D) 
Discussion
To the best of our knowledge, information on the effect of various Trichoderma species on Xiphinema index has not been available to date. Among the Trichoderma species examined with respect to their ability to kill plant-parasitic nematodes, mostly T. harzianum has been tested (Sharon et al., 2001) . Furthermore, many publications report interactions between plant-parasitic nematodes and soil fungi; however, most of the studies were performed on Meloidogyne species (Rao et al., 1997) . Among other Trichoderma species of this study, T. harzianum strains have caused significant reduction of X. index populations, although they did not prove to be the only efficient strains of all the tested fungal species. In general, strains of T. virens, T. atroviride and T. rossicum have triggered faster and more complete mortality than strains of T. harzianum. The evaluation of the mortality assays indicated that Trichoderma species have innate ability to decrease X. index population in vitro. Additionally, we designed and successfully used a new method to keep X. index specimens viable during the experiments. The presented data contribute to the further development of biological control agents against Xiphinema species.
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